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素对杂化膜溶胀性能及渗透蒸发分离性能的影响，结果发现加入有机组分 PEG 提高了 PVA
膜在醇/水中的渗透通量，降低膜分离因子，随着 TEOS 加入，杂化膜的分离性能提高，在
TEOS 含量为 10 wt%，PVA/PEG/TEOS 杂化膜的分离性能 好，加入 APTEOS 偶联剂提高





观察到 TEOS 加入改变膜结晶度，扫描电镜(SEM)观察无机相的团聚。 







































































The dehydration of organic solvents by pervaporation through membrane is attracting 
increasing interests in membrane separation technology. Hydrophilic organic polymer membranes 
are known to have weakness in physical and chemical stability, and they have poor separation 
performance because of its easy swelling in water. In this paper, hydrophilic organic-inorganic 
hybrid membranes have been prepared by sol-gel method. The membranes swelling in water have 
been controlled effectively. A spin-coating method is used to prepare hybrid composite 
membranes, the active separation layer thickness of composite membrane is controlled between 
1~3 μm. The permeation flux and separation factor have been improved in organic-water solution.  
 In the first part of this work, pervaporation separation principle, characteristic and influence 
factor are described briefly. The advance of hybrid organic-inorganic separation membranes, the 
characterization and preparation of hybrid membrane are also described in the first part. In the 
second part, the experimental materials and methods are sum up. 
 In the third part of this work, hydrophilic polymers poly(vinyl alcohol) (PVA) is used as 
organic matrix, tetraethoxysilane (TEOS) and glutaraldehyde (GA) are used as crosslinking agent , 
PVA/TEOS/GA hybrid membranes are prepared by sol-gel method, the swelling behavior of the 
hybrid membranes in ethanol-water solution are analyzed, the hybrid membrane separation 
performance in ethanol-water are also forecast. The results show that the PVA hybrid membranes 
have the best swelling performance when 15 wt% TEOS and 8 wt% GA are added. 
 In the fourth and fifth part of this work, hydrophilic polymers, poly(vinyl alcohol) (PVA) and 
poly(ethylene glycol) (PEG) are used as organic matrixes, tetraethoxysilane (TEOS), 
γ-Aminopropyl-triethoxysilane(APTEOS) and glutaraldehyde (GA) are used as crosslinking agent, 
The hydrophilic hybrid membranes are prepared by spin-coating method to form homogeneous 
membranes and composite membranes. The swelling degree and pervaporation of hybrid 
membranes are tested in ethanol/water mixture solution. The effect of organic component, 
inorganic component, crosslinking agent, annealing conditions on the PVA hybrid membrane 
pervaporation separation performance and swelling behavior are discussed. The results show that 
the addition of PEG increases PVA blend membrane flux, but water permselectivity decreases. 













increases. The hybrid membrane exhibits the highest flux and selectivity when the TEOS content 
is 10 wt%. The addition of APTEOS to PVA/TEOS hybrid membrane increases the permeation 
flux and separation factor in ethanol-water solution. At the condition of annealing temperature 
100 °C and annealing time 12 h, the hybrid membrane permeation flux and the separation factor 
are best. The effect of feed content, feed temperature and feed rate on pervaporation separation of 
ethanol-water solution is tested. The results show that the permeation flux increases and 
separation factor decreases when the water content increases, the feed temperature increases or 
the feed rate increases. The obtained hybrid membranes are characterized by Fourier transform 
infrared spectroscopy (FTIR) to verify the formation of covalent bond Si-O-C. Wide-angle X-ray 
diffraction (WAXD) is used to observe the effect of inorganic component and annealing on 
crystallinity. Scanning electron microscopy (SEM) is used to observe phase separation between 
organic and inorganic phase. 
 The last part of this work is conclusion. By the crosslinking with the inorganic component, 
The hydrophilic organic polymers PVA and PEG hybrid membranes swelling are controlled in 
water, and the pevaporation separation performances are improved in organic-water solution. 
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